On 6 April 2009, the city of L' Aquila and its Province (located in the Abruzzo Region of Italy) were struck by an earthquake measuring 5.9 on the Richter Scale and 6.3 on the Moment magnitude scale, with an epicenter at 42.3476° N, 13.3800 °E. The main shock occurred at 03:32 a.m. local-time (01:32 Universal Time Coordinated (UTC)) at the depth of 9.46 km (5.88 mi). In particular, L' Aquila and its province suffered the most serious damages by the earthquake. The estimated victims were 308, while 2,000 persons were injured and about 7,500 inhabitants became homeless. 1 L' Aquila is the chief town of the Abruzzo Region, which is a small region located in the middle-east of Italy (approximately on the same latitude of Rome). As all Regions of Italy, the health care is provided on a universal basis by local health units (LHUs), which are the basic local components of the National Healthcare Service. Each unit is responsible for all the care needed by the residents in the specific area (which in Abruzzo coincide with provinces).
original contributions
Post-Earthquake Cardio-Cerebrovascular Events provided by the Regional Healthcare Agency of the Abruzzo Region (which also provided demographic data of the general regional population). The analyses were based upon admissions selected according to the following criteria:
• residents in the Abruzzo region (including all admissions made in hospitals outside the Region-passive mobility); • made from 6 April to 31 July 2008 (pre-earthquake control period) or from 6 April to 31 July 2009 (post-earthquake period); • assigned to diagnosis-related groups (DRGs, version 24) related to coronary heart diseases (n = 121, cardiovascular diseases with acute myocardial infarction (AMI) and major complications, discharged alive; n = 122, cardiovascular diseases with AMI without complications, discharged alive; n = 123, cardiovascular diseases with AMI, dead; n = 124, cardiovascular diseases except AMI with cardiac catheterization and complex diagnosis; n = 125, cardiovascular diseases except AMI with cardiac catheterization and noncomplex diagnosis; n = 127, heart failure and shock; n = 129, cardiac arrest without apparent cause); or to cerebrovascular diseases (n = 14, specific cerebrovascular diseases except transient ischemic attack; n = 15, transient ischemic attack and precerebral occlusions; n = 16, nonspecific cerebrovascular diseases with complications; n = 17, nonspecific cerebrovascular diseases without complications; n = 22, hypertensive encephalopathy).
The rates of admission before and after the earthquake were compared using Chi-squared test. We had no data of the population at the individual level to perform mixed models to predict the potential influence of time adjusting for potential confounders. However, both the mean age and other main demographic parameters of the population of Abruzzo did not relevantly vary between 2008 and 2009 (data not shown, provided by the Regional Healthcare of the Abruzzo Region). Kaplan-Meier survival analysis was used to examine the association between year (pre-post earthquake) and hospitalization for the most common DRGs. The validity of constant incidence ratios over the follow-up was checked using NelsonAalen cumulative hazard estimates.
A P value of <0.05 was considered significant for all analyses, which were performed using STATA 11.0 (Stata, College Station, TX).
The study protocol was approved by the internal review board and the ethical committees of each of the six LHUs of Abruzzo.
results
The overall number of hospitalizations for cardio-or cerebrovascular diseases by residents in L' Aquila before and after the earthquake was 10,833. During the control period, before the earthquake (2008), 5,439 hospital admissions of residents in the LHU of L' Aquila were assigned to DRGs related to cardio-(n = 3,467) or cerebrovascular diseases (n = 1,972; Table 1 ). In the period after the earthquake (2009), the overall number of admissions was 5,394 (3,461 for cardiovascular diseases).
The characteristics of the admissions were roughly similar in the two periods (Table 1) : the mean age of the patients was slightly higher than 75 ± 12 years; males were around 52%; elderly patients ~82%; and most admissions were caused by cardiovascular diseases (around 64%).
The rates of admissions stratified by LHUs are shown in Table 2 . In the whole region, the hospitalization rate for cardiovascular or cerebrovascular diseases was slightly lower in the period after the earthquake (−0.9%). When only the LHU of L' Aquila was considered, however, the rate increased from 4.39 to 4.97 per 1,000 inhabitants (+13.2%; P < 0.01). Such an increase was determined by the raise of cardiovascular diseases (+21.9%) rather than cerebrovascular diseases (−3.0%). When we further stratified by age class, it was apparent that the increase was highest in the elderly (+26.9%; P < 0.01), and any significant difference could be noted among the adults (+2.6%, but P = 0.7).
As regards single DRGs, it was not possible to note a univocal trend: some DRGs were less frequent after the earthquake (i.e., n = 17), whereas others increased (i.e., n = 14, Table 1 ). When only data from L' Aquila were considered, however, the DRGs 127 and 129 showed a substantial increase from 146 to 212, and from 3 to 16, respectively (both differences being significant at the 0.05 when analyzed in terms of rates). For the most frequent DRG, 127, we performed a survival analysis (Figure 1) , which confirmed that the post-earthquake period was significantly associated with a shorter time to admission for heart failure and shock (DRG 127), with a log-rank P value <0.01.
We finally assessed the proportion of the main comorbidities in the admissions for cardiovascular diseases of the residents in L' Aquila (Table 3) . Overall, the proportion of admissions with a comorbidity significantly increased (P = 0.03), raising from 52.2% in the control period (2008) to 60.9% after the earthquake (2009). No significant differences, however, were observed if comorbidities were taken separately, although such analysis was probably underpowered. original contributions
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conclusions
A considerable amount of literature describes the association between natural disasters and cardiovascular diseases, 7-10,13-18 with contrasting results. As an example, in 1996, Leor et al.
reported an increase in hospital admissions for AMI 2 weeks after the earthquake of Los Angeles, especially in the hospital nearest to the epicenter. 16 Suzukis et al. found, in 1995, an increase in the number of admissions for AMI on the day of the disaster in Japan, 17 suggesting that the acute traumatic event had caused cardiac diseases in people who were highly vulnerable to acute coronary syndrome. In contrast, no association was observed with AMI frequency and the earthquake of Loma Prieta, that struck San Francisco Bay in 1989. 18 Our retrospective observational study was aimed at comparing the rate of hospital admissions for cardio-and/or cerebrovascular diseases before and after the earthquake in the LHU of L' Aquila. Our work supports the association between cardiovascular events and earthquake. When data related to the LHU of L' Aquila were considered, the rate of hospital admissions was increased essentially for the raise of cardiovascular (+21.9%) rather than cerebrovascular diseases (−3.0%). Moreover, the increase was mostly due to a rise among the elderly (+26.9%) who were the only age class showing a significant increase in the frequency of hospital admissions. As expected, elderly people are most vulnerable to cardiovascular events; because of their particularly weak age, they are more susceptible to all discomforts caused by a natural disaster. Indeed, lack of food, clean water, extremes of cold or heat, physical and mental stress, injury and exposure to infection are all conditions which can cause "decompensation" of preexistent chronic illnesses or onset of new ones. [19] [20] [21] Our study has some limitations that must be taken into account when interpreting the results. First, given the observational design of the study, we could not prove a causal relationship between the earthquake and the increase in hospitalizations. We could only document the existence of an association. Second, as regards specific DRGs and comorbidities, we based our analysis on administrative discharge data that are routinely collected and are not specifically focused on the study aims. Therefore, it is possible that some ICD-9 codes were misreported or not reported, and that some DRGs were consequently misclassified or comorbidity rates underestimated. However, as regards comorbidities, the error rate of compiling might have been higher in the chaotic period immediately after the earthquake, rather than in the control period. Thus, if any, it might have occurred an underestimation of the association between earthquake and comorbidity incidence. Third, our sample was relatively large but it could be underpowered for some more detailed analyses such as an in-depth survival analysis by DRG or by type of comorbidity. Finally, it could be possible that some (if not most) of the admissions in excess among the elderly could be "precipitated events", because they were going to happen anyway and happened sooner in connection with the shock. If such is the case, a lower rate would be observed in the periods following the one immediately after the earthquake. Unfortunately, the region did not grant additional data to those initially requested, and we could not evaluate such hypothesis.
With these caveats, however, our study provides the first evidence of a potential influence of the earthquake on cardiovascular disease incidence in the elderly from L' Aquila, contributing to the relatively recent knowledge on the effects of natural disasters.
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